During Caenorhabditis elegans development, the HSN neurons and the right Q neuroblast and its descendants undergo long-range anteriorly directed migrations. Both of these migrations require EGL-20, a C. elegans Wnt homolog. Through a canonical Wnt signaling pathway, EGL-20/Wnt transcriptionally activates the Hox gene mab-5 in the left Q neuroblast and its descendants, causing the cells to migrate posteriorly. In this report, we show that CAM-1, a Ror receptor tyrosine kinase (RTK) family member, inhibits EGL-20 signaling. Excess EGL-20, like loss of cam-1, caused the HSNs to migrate too far anteriorly. Excess CAM-1, like loss of egl-20, shifted the final positions of the HSNs posteriorly and caused the left Q neuroblast descendants to migrate anteriorly. The reversal in the migration of the left Q neuroblast and its descendants resulted from a failure to express mab-5, an egl-20 mutant phenotype. Our data suggest that CAM-1 negatively regulates EGL-20. In addition to their cell migration defects, cam-1 muneurons migrate posteriorly to positions near the middle of the animal during embryogenesis. Also in emtants fail to properly orient the polarity of specific cells . Six V cells located on each bryos, the hermaphrodite-specific neurons (HSNs) migrate anteriorly from the tail to the middle of the animal, side of the animal divide asymmetrically during the first larval stage to produce an anterior daughter that fuses and the BDU neurons migrate a short distance anteriorly. The left (L) and right (R) Q neuroblasts and their with the syncitial hypodermis and a posterior blast cell (Sulston and Horvitz 1977; Podbilewicz and White descendants (hereafter referred to as QL and QR descendants, respectively) migrate during the first larval 1994). Similarly, the six Pn.aap neuroblasts P3.aap through P8.aap divide asymmetrically in males during stage ( Figure 1B ; Sulston and Horvitz 1977). The QL descendants migrate posteriorly, whereas the QR the first larval stage to generate an anterior CA neuron, which accumulates low levels of the neurotransmitter descendants migrate anteriorly.
M ANY cell types migrate during vertebrate develop-
turely along their migratory routes in cam-1 mutants, whereas the HSN and BDU neurons migrate anteriorly ment. For example, germ cells, cardiac precursors, melanocytes, neurons, and neuronal growth cones beyond their normal destinations (Forrester and Garriga 1997; . Mutations in cam-1 migrate extensively, often traversing long distances, to reach their targets. Several cells migrate long distances also disrupt postembryonic migrations. For example, the postembryonic migrations of the QR descendants during Caenorhabditis elegans development ( Figure 1A ; Sulston and Horvitz 1977; Sulston et al. 1983; Hedge- are disrupted so that the cells sometimes fail to migrate to their normal positions (Forrester and Garriga cock et al. 1987) . For example, the canal-associated neurons (CANs) and anterior lateral microtubule (ALM) 1997) .
In addition to their cell migration defects, cam-1 muneurons migrate posteriorly to positions near the middle of the animal during embryogenesis. Also in emtants fail to properly orient the polarity of specific cells . Six V cells located on each bryos, the hermaphrodite-specific neurons (HSNs) migrate anteriorly from the tail to the middle of the animal, side of the animal divide asymmetrically during the first larval stage to produce an anterior daughter that fuses and the BDU neurons migrate a short distance anteriorly. The left (L) and right (R) Q neuroblasts and their with the syncitial hypodermis and a posterior blast cell (Sulston and Horvitz 1977 ; Podbilewicz and White descendants (hereafter referred to as QL and QR descendants, respectively) migrate during the first larval 1994). Similarly, the six Pn.aap neuroblasts P3.aap through P8.aap divide asymmetrically in males during stage ( Figure 1B ; Sulston and Horvitz 1977) . The QL descendants migrate posteriorly, whereas the QR the first larval stage to generate an anterior CA neuron, which accumulates low levels of the neurotransmitter descendants migrate anteriorly.
To understand how these long-range cell migrations serotonin, and a posterior CP neuron, which accumulates high levels of serotonin (Sulston et al. 1980 ; Loer are regulated, we have turned to genetic screens to identify genes that are required for normal cell migraand Kenyon 1993). The fates of the daughter cells of the most anterior V cell (V1) and male Pn.aap neuroblast tion to occur. An example of such a gene is cam-1 (also (P3.aap) often are reversed in cam-1 mutants (Forrescalled kin-8; Koga et al. 1999) .
ter et al . 1999) . Finally, the CP neurons of wild-type Mutations in cam-1 cause anterior displacement of the males extend posteriorly directed axons, whereas the final positions of cells that migrate during embryonic most anterior CP neuron of cam-1 mutant males often development. The CAN and ALM neurons, which miextends its axon anteriorly . grate posteriorly during embryogenesis, stop prema-CAM-1 belongs to the Ror class of receptor tyrosine kinases (RTKs). Ror kinases from humans, rat, mouse, Xenopus, and Drosophila have been reported (Masia-1 et al. 1997 (Masia-1 et al. , 1999 Al-Shawi et al. 2001; Hikasa et al. 2002) .
like cam-1 mutations, caused anterior displacement of the HSNs. Expression of the CAM-1 CRD reduced the Rors are characterized by the presence of conserved domains including extracellular immunoglobulin domains expression of mab-5 in QL, as do mutations in egl-20. Furthermore, the QL migration defects that result from (Ig), cysteine-rich domains (CRD), and kringle (Kri) domains and intracellular tyrosine kinase (Kin) and ser-CRD expression can be suppressed by a gain-of-function mutation in mab-5. Our results support a model in which ine/threonine-rich (S/T) domains (reviewed in Forrester 2002). Vertebrates and Drosophila contain two CAM-1 directs HSN and QL descendant cell migration by negatively regulating EGL-20 signaling. Previous reRor genes. The C. elegans genome, by contrast, contains only a single Ror gene, cam-1  ports that murine and Xenopus Rors are able to bind Wnts (Hikasa et al. 2002; Oishi et al. 2003 ) raise the Koga et al. 1999) . Vertebrate Rors are required for normal bone and heart development (Afzal et al. 2000;  possibility that the interaction is via direct binding. DeChiara et al. 2000; Oldridge et al. 2000; Schwabe et al. 2000; Takeuchi et al. 2000; van Bokhoven et al. MATERIALS AND METHODS 2000; Nomi et al. 2001) .
Mutations in cam-1 and egl-20 affect many of the same General procedure and strains: Strains were grown at 20Њ and maintained as described (Brenner 1974 in egl-20 mutants ( Figure 2 ; Table 1 ; Harris et al. 1996;  LG I: mig-1(e1787) (Hedgecock et al. 1987), lin-17(rh75), lin-17 Whangbo and Kenyon 1999) . Thus, the HSN migration (n3091) (Sawa et al. 1996) , and pry-1(mu38) (Maloof et al. defect in egl-20 mutants is opposite to that seen in cam-1 1999) .
mutants, but the QR descendant defect is similar. QL
LG II: cam-1(gm122) (Forrester and Garriga 1997) and cam-1 descendants reverse direction to migrate anteriorly in (sa692) (Ailion and Thomas 2003) .
egl-20 mutants, apparently because they fail to express
LG III: mab-5(e1751gf) (Hedgecock et al. 1987) .
LG IV: egl-20(n585) (Trent et al. 1983) and egl-20(n1437) the mab-5 homeobox gene in QL (Harris et al. 1996 ; (Desai et al. 1988) . Maloof et al. 1999; Whangbo and Kenyon 1999) . QL
LG V: vab-8(e1017) (Hedgecock et al. 1987) and bar-1(ga80) descendant migration, by contrast, appears to be normal (Eisenmann et al. 1998). in cam-1 mutants (Kim and Forrester 2003) . In egl-20 ] (Whangbo and Kenmutants, the polarity of the fifth V cell, V5, is often yon 1999) and muIs16 [mab-5::gfp, rol-6(d) ] (Cowing and Kenyon 1996). reversed ; in cam-1 mutants, the Extrachromosomal arrays: cwEx266 ], cwEx152 polarity of V1 is sometimes reversed , and cwEx34 [pCAM-1⌬CRD, rol-1999) . egl-20 encodes a Wnt protein that appears to 6(d) ] (Kim and Forrester 2003). function in a canonical Wnt signaling pathway that inCell migration and polarity: The extent of cell migration cludes MIG-14, LIN-17 (Frizzled), MIG-1 (Frizzled), in wild-type, mutant, and transgenic animals was determined BAR-1 (␤-catenin), the negative regulator PRY-1 (Axin), by comparing the positions of nuclei relative to nonmigratory and POP-1 (TCF) to regulate QL migration (Harris et hypodermal nuclei using Nomarski optics with a Nikon E600 al. Sawa et al. 1996; Maloof et al. 1999; S. Clark to nonmigratory hypodermal V and P nuclei in newly hatched Analysis of cam-1 derivatives from which specific dohermaphrodite larvae (L1). For the Q neuroblasts and their descendants, which migrate during the L1 stage, we scored mains were deleted showed that the CRD was required the final positions of the Q descendant nuclei relative to the for proper cell migration, but the intracellular region two daughter hypodermal nuclei Vn.a and Vn.p derived from was not (Kim and Forrester 2003 sive HSN migration. A complication of testing this prediction is that the CANs, which migrate from the head RESULTS to positions just anterior to the HSNs, prevent the HSNs from migrating beyond them (Forrester and Garriga HSN migration and CAM-1: Several observations sug -1997) . In CAN migration mutants or animals from which gest that CAM-1 and EGL-20 function together in cell the CANs were removed by laser microsurgery, the HSNs migration. In wild-type embryos, the HSNs migrate anteoften migrate beyond the P5/6 cell, which does not occur riorly from their birthplace in the tail to their destinain wild-type hermaphrodites (Forrester and Garriga tions between the P5/6 and V4 hypodermal cells, a posi-1997). To circumvent this control, we used a mutation in tion near the middle of the animal ( Figure 1A Table 1 ; Forrester and et al. 1998) . In vab-8 mutant hermaphrodites, the CANs Garriga 1997; Kim and Forres- usually are located in the head, and ‫%02ف‬ of the HSNs ter 2003). The role of CAM-1 in HSN migration appears migrate beyond their normal destinations ( Figure 3 ; to reside in the extracellular CRD since it is both neces- (Kim and 1996; Forrester and Garriga 1997) . To test whether Forrester 2003). CRDs are also found in Frizzled moleoverexpression of EGL-20 would cause the HSNs to micules, receptors for Wnts (Bhanot et al. 1996 ; Masiagrate too far anteriorly, we introduced into vab-8 mutant kowski and Yancopoulos 1998; Saldanha et al. 1998;  animals the egl-20 gene fused to gfp, a transgene that Xu and Nusse 1998), and Wnts binds Frizzled receptors fully rescues egl-20 mutant phenotypes (Whangbo and via their CRD (Bhanot et al. 1996; Lin et al. 1997; Hsieh Kenyon 1999) . The addition of functional egl-20 genes et al. Dann et al. 2001) . Finally, murine and Xenoto a genetic background containing the two endogenous pus Rors are able to bind Wnts (Hikasa et al. 2002;  egl-20 genes should result in excess EGL-20; however, Oishi et al. 2003) . In this context, it is interesting that we lacked the reagents to determine the extent to which mutations in the Wnt gene egl-20 disrupt HSN migra-EGL-20 was overexpressed in these transgenic animals. tion, often causing the HSNs to occupy positions posteIn egl-20::gfp; vab-8 animals, the HSNs migrated excesrior to those found in wild-type hermaphrodites (Figure sively 59.3% of the time, a frequency much higher than 2; Table 1 ; Desai et al. 1988; Harris et al. 1996) . These that seen in vab-8 mutants alone ( Figure 3 ; (Figure 4 ; Desai et al. 1988; Hedgecock et al. 1987; Harris et al. 1996) . Because of the genetic interactions between cam-1 and egl-20, we wondered whether similar interactions might occur between cam-1 and genes that encode putative EGL-20 receptors. To examine possible interactions, we scored HSN position in hermaphrodites doubly mutant for cam-1 and either lin-17 or mig-1.
The positions of the HSNs in mig-1; cam-1 double mutants were similar to those in mig-1 single mutants ( Figure 4 ; Table 1 (Eisenmann et al. 1998; Maloof et al. 1999) . Because the HSNs were sometimes misplaced anteriorly and at other times were misplaced posteriorly, we present the data for both phenotypes. An HSN was scored as misplaced anteriorly if its nucleus was anterior to the P5/6 nucleus and as misplaced posteriorly if its nucleus was posterior to the V4 nucleus.
b
A CAN was scored as defective if its nucleus was anterior to the V3 nucleus.
c An ALM was scored as defective if its nucleus was anterior to the V2 nucleus.
d
Because BDUs sometimes were misplaced anteriorly and at other times were misplaced posteriorly, we present the data for both phenotypes. A BDU was scored as misplaced anteriorly if its nucleus was anterior to its normal position immediately anterior to V1 and misplaced posteriorly if its nucleus was posterior to the V1 nucleus.
e Because QL descendants sometimes were misplaced anteriorly and at other times were misplaced posteriorly, we present the data for both phenotypes. A QL cell descendant was scored as misplaced anteriorly if its nucleus was anterior to V4.p and misplaced posteriorly if its nucleus was posterior to V5.p. Because they occupy positions near each other, the data for SDQL and PVM were combined.
f Because they occupy positions near each other, the data for SDQR and AVM were combined and are presented in the QR column. SDQR and AVM were scored as defective if their nuclei were posterior to the V2.a nucleus. The position of AQR, a third QR descendant, was not included because it migrates to a location near other nuclei with similar morphology.
g Some of these data have been reported elsewhere (Kim and Forrester 2003) . They are presented here for comparison. For the transgenic lines cam-1(gm122); pCAM-1, cam-1 (gm122); pCAM-1⌬IgKriIntra, and cam-1(gm122); pCAM-1⌬CRD, the data from two independent lines were combined. 1992). EGL-20 and components of a canonical Wnt signaling pathway regulate mab-5 expression in QL descendants (Harris et al. 1996; Maloof et al. 1999; . Mutations that disrupt EGL-20 signaling eliminate mab-5 expression, resulting in QL descendants that migrate anteriorly. high levels of CAM-1 driven from its own promoter can cause QL descendants to migrate anteriorly, an egl-20 mutant phenotype (Kim and Forrester 2003) . A transgene that retains little more than the extracellular CRD mains (pCAM-1⌬IgKriIntra), or a CAM-1 derivative that and transmembrane domains of CAM-1 (pCAM-1⌬IgK-lacks its CRD (pCAM-1⌬CRD) (Kim and Forrester riIntra) can produce this effect (Table 1 ; Kim and For-2003) . pCAM-1, pCAM-1⌬IgKriIntra, and pCAM-1⌬CRD rester 2003).
are expressed at similar levels from the transgenes used If CAM-1 inhibits EGL-20 signaling, then expression in these experiments (Kim and Forrester 2003) . Wildof the CRD should reduce mab-5 expression in QL detype animals or cam-1 mutants that carry mab-5::gfp exscendants, the same phenotype caused by loss of egl-20.
pressed high levels of GFP in QL descendants but not To assess mab-5 expression, we used a chromosomally in QR descendants ( Figure 5 ; Table 2 ). Both the pCAM-1 integrated mab-5::gfp transgene (muIs16) that contains and pCAM-1⌬IgKriIntra transgenes caused a dramatic reduction in mab-5::gfp expression in QL, while the 10 kb of DNA upstream of mab-5 fused to gfp (Cowing pCAM-1⌬CRD transgene had no effect on the expresand Kenyon 1996). mab-5::gfp was introduced into cam-1 sion of mab-5::gfp in QL ( Figure 5 ; Table 2 ). These obsermutants in the absence or presence of cam-1 transgenes vations support the hypothesis that the CAM-1 CRD that express full-length CAM-1 (pCAM-1), a CAM-1 dedomain inhibits EGL-20 function. rivative that contains the CRD and transmembrane do- A mab-5 gain-of-function mutation rescued the antesuppress egl-20(n1437) but not egl-20(n585) is confusing since previous genetic analysis is consistent with both of rior QL migration defects that result from CAM-1 CRD expression: If CRD expression causes QL descendants these alleles being severely disrupted for egl-20 function (Harris et al. 1996) . One interpretation of this suppresto migrate anteriorly because they fail to activate mab-5, then providing excess mab-5 activity might suppress their sion is that the egl-20(n1437) mutants retain some egl-20 activity and that removing cam-1 increases egl-20 activanterior migration. To provide mab-5 activity in QL, we utilized the gain-of-function mutation mab-5(e1751gf), ity to levels that drive mab-5 expression in QL descendants to sufficient levels to influence their migrations, which causes ectopic production of MAB-5 (Salser and Kenyon 1992; Salser et al. 1993) . mab-5(e1751gf) causes although still below levels that we can detect. Two Frizzled homologs, MIG-1 and LIN-17, are necesboth QL and QR to produce MAB-5 and consequently to migrate posteriorly (Hedgecock et al. 1987 ; Salser sary for mab-5 expression in QL descendants and hence for their posteriorly directed migrations (Harris et al. and Kenyon 1992) . In egl-20 and mig-1 mutants, mab-5 (e1751gf) causes QL descendants to remain in the poste-1996). The requirement for two Frizzleds in QL migration is curious and suggests several possible roles for rior (Harris et al. 1996) . In mab-5(e1751gf) animals that overexpressed the CAM-1 CRD, QL descendants rethese molecules in QL migration. One simple interpretation of these data is that both Frizzled molecules act mained in posterior positions (Table 1) . This result along with the observation that mab-5 expression is reas receptors for EGL-20. Consistent with this hypothesis, Harris et al. (1996) have shown that while egl-20 is duced in animals that overexpress the CAM-1 CRD indicates that the anterior migration of QL descendants absolutely required for mab-5 expression in QL descendants, both mig-1 and lin-17 are only partially required. caused by expression of the CRD results from their failure to express MAB-5 and supports the model that These observations are consistent with both LIN-17 and MIG-1 acting as EGL-20 receptors in QL migration. Re-CAM-1 negatively regulates EGL-20.
Interactions between cam-1 and Wnt signaling mumoval of either one leaves the function of the other to mediate, albeit less efficiently, the EGL-20 response. If tants: Another prediction of our model is that removing cam-1 function should not affect the QL migration dethis hypothesis is correct and if CAM-1 inhibits EGL-20 function by direct binding as our model predicts, then fect of animals lacking egl-20 function. In cam-1; egl-20 double-mutant animals that contain the severe egl-20
loss of cam-1 should partially suppress the QL defect of both lin-17 and mig-1 single mutants by increasing EGLmutation n585, the QL descendants were in similar positions in egl-20 single and cam-1; egl-20 double mutants 20 signaling through the remaining functional receptor. Analysis of cam-1 double mutants did not fit this sim-( Figure 6 ; Table 1 ). The QL defects of the severe egl-20 mutant n1437, however, were suppressed by removple model. In mig-1; cam-1 double mutants, QL descendants often migrated anteriorly as they did in mig-1 ing cam-1; more QL descendants were in their normal positions in the double mutants ( Figure 6 ; Table 1). single mutants, but they were often located in more posterior positions and mab-5 expression was detected Mutations in cam-1 did not detectably increase mab-5 expression in QL descendants in either egl-20 mutant more often in QL descendants than in mig-1 single mutants (Figure 7 ; Tables 1 and 2 ). While this result fits ( Table 2 ). The ability of cam-1 mutations to partially Relative levels of mab-5::gfp expression were assessed by visual examination of GFP fluorescence within QL and QR descendants as described in materials and methods. GFP fluorescence was not detected in the QR descendants of any of these strains.
a Number of SDQL and PVM neurons scored.
the model, mutations in cam-1 enhanced the QL defects and found that mutations in these Wnt signaling molecules had no effect on the distribution of these cells in of lin-17 mutants; QL descendants migrated anteriorly and failed to express mab-5 much more often in cam-1;
cam-1 mutants (Table 1) . lin-17 double mutants than in lin-17 single mutants (Figure 7 ; Tables 1 and 2) . First, the extracellular CRD of CAM-1 is both necessary encodes an axin homolog that negatively regulates the and sufficient for CAM-1 function in HSN and QL mipathway (Maloof et al. 1999) , or bar-1, which encodes grations (Kim and Forrester 2003; this study) , and a ␤-catenin homolog (Eisenmann et al. 1998 ; Maloof both migrations are mediated by EGL-20 (Harris et al. et al. 1999) . As with cam-1 or pry-1 single mutants, QL 1996) . Second, the CRDs of Ror kinases are similar to migration was normal in the double mutant ( Figure 7; the CRDs of Frizzled family members (Masiakowski Table 1 ). The QL migration defect of bar-1 mutants,
and Yancopoulos 1998; Saldanha et al. 1998 ; Xu and however, was suppressed by loss of cam-1. The fact that Nusse 1998), and Frizzled proteins are receptors that cam-1 loss could suppress the QL defect of mig-1 and bind Wnts directly via their CRD (Bhanot et al. 1996 ; bar-1 mutants but not the QL defect of lin-17 mutants Hsieh et al. 1999; Uren et al. 2000; Dann et al. 2001 ; argues that mig-1 and bar-1 function in the same pathway Wu and Nusse 2002) . Finally, the prediction that Ror to regulate mab-5 expression.
kinases can bind Wnts has recently been confirmed for Interactions between cam-1 and egl-20 did not generRor2 from Xenopus and mouse (Hikasa et al. 2002 ; ally affect all cell migrations: Mutations in cam-1 disrupt Oishi et al. 2003) . The genetic results presented here CAN, ALM, and BDU migrations as well as those of support the hypothesis that CAM-1 interferes with EGL-HSN and Q descendants discussed above (Forrester 20 function. and Garriga 1997) . In contrast, mutations in egl-20, CAM-1 and EGL-20 antagonism during HSN and QL mig-1, lin-17, bar-1, or pry-1 do not substantially disrupt migration: Supporting the hypothesis that CAM-1 inter-CAN, ALM, or BDU migrations (Harris et al. 1996;  feres with EGL-20 function are results indicating that Maloof et al. 1999;  Although the QL descendant migration defects of egl-HSN defects than those caused by mutations in any of the genes encoding these transcription factors. 20(n1437) mutants are at least as severe as those of egl-20(n585) mutants, other phenotypes of egl-20(n1437) Another difference in EGL-20 signaling in these migrations is that QL migration requires bar-1, whereas mutants appear less severe. For example, mutants are smaller, more uncoordinated, and display HSN migration does not (Harris et al. 1996) . The lack of an obvious role for BAR-1, a ␤-catenin, in HSN migramore severe HSN migration defects than egl-20(n1437) mutants do (Figure 2 ; not shown). An alternative explation suggests that signaling downstream of EGL-20 is different in QL and the HSN. HSN migration might nation for this discrepancy is that these strains contain differences in the genetic background that influence require one of the two additional ␤-catenins in C. elegans, WRM-1, and HMP-2 (Rocheleau et al. 1997 (Harris et al. 1996) , and thus EGL-20 may be the only Wnt involved in regulating expression of this guidance. The Drosophila Wnt5 appears to be a repellant for axons that express the Derailed RTK, ensuring Hox gene. This would explain why cam-1 mutations did not suppress the strong egl-20 allele n585. The ability that the axons cross the midline at the anterior and not the posterior commissure (Yoshikawa et al. 2003) . of cam-1 to partially suppress the HSN migration defect of both of the egl-20 alleles tested could mean that these During vertebrate spinal cord development, commissural axons first extend ventrally to the floor plate, which egl-20 alleles retain some activity. While Harris et al. (1996) showed that n585 and n1437 behaved like strong they then cross. Once across the floor plate, the axons turn anteriorly. A decreasing anterior to posterior gradiloss-of-function alleles in genetic tests, the n585 allele is a missense mutation, and the sequence of n1437 has ent of Wnt4 guides the axons and has been proposed to directly attract the growth cones anteriorly (Lyuksyunot been reported (Maloof et al. 1999 ). An alternative explanation for the ability of cam-1 mutations to suptova et al. 2003) . It is also possible that EGL-20 guides the HSNs out of the tail. Because EGL-20 is expressed press the HSN defect of both egl-20 alleles is that other Wnts antagonized by CAM-1 promote HSN migration.
in cells of the tail (Whangbo and Kenyon 1999) , it could act as an HSN repellant. The C. elegans genome encodes five Wnts (Shackleford et al. 1993; Herman et al. 1995; Rocheleau et al. 1997;  Two Frizzled receptors in QL migration: One of the enigmas of Wnt signaling in C. elegans is that QL migra- Thorpe et al. 1997; Maloof et al. 1999) . In this scenario, cam-1 loss would enhance the activity of other Wnts tion requires two Frizzled receptors. The ability of cam-1 loss of function to suppress the QL defect of mig-1 muinvolved in HSN migration, resulting in bypass suppression of strong egl-20 alleles.
tants and enhance the defect of lin-17 surprised us and suggests that MIG-1 and LIN-17 function differently in EGL-20 signaling in HSN and QL descendant migration: If CAM-1 acts by modulating EGL-20 signaling, QL migration. The ability of cam-1 loss to also suppress the QL defect of bar-1 and presumptive hypomorphic then how might EGL-20 function? For QL migration, EGL-20 appears to act though a canonical signaling egl-20 mutants suggests that EGL-20, MIG-1, and BAR-1 function in a canonical pathway that regulates mab-5. pathway that regulates the ability of the TCF transcription factor POP-1 to activate mab-5 (reviewed in Herman
In this regard it is noteworthy that mig-1 but not lin-17 plays an important role in HSN migration (Harris et 2002; Korswagen 2002) . While the role of EGL-20 in QL migration is well established, how EGL-20 regulates al. 1996) . If this interpretation of our results is correct, the role of LIN-17 in QL migration is unclear. HSN migration is unclear. EGL-20 could use a canonical signaling pathway that transcriptionally regulates genes
The ability of cam-1 loss to suppress the QL defects of mig-1 and bar-1 mutants suggests that there are addinecessary for HSN migration. Several transcription factors are necessary for HSN migration, including the tional Frizzled and ␤-catenin molecules or noncanonical pathways involved in EGL-20's activation of mab-5, Hox protein EGL-5 (Desai et al. 1988; Garriga et al. 1993; Wang et al. 1993; Baum et al. 1999) . While it is that CAM-1 has other functions besides inhibiting EGL-20 function, or that these alleles retain some activity. possible that EGL-20 contributes to the regulation of these transcription factors, EGL-20 cannot be the sole Our observation that cam-1(gm122) mutation does not suppress a mab-5 loss-of-function mutation (data not regulator since mutations in egl-20 result in less severe
